associated with GB agent hepatitis.
GB agent hepatitis was originally described by Deinhardt and coworkers (7) , who inoculated tamarins (Saguinus sp.) with the serum from a human hepatitis patient. These investigators demonstrated that animals inoculated directly with GB serum developed hepatitis, as did animals inoculated with serum from tamarins with acute-phase hepatitis after subsequent serial passages. Evidence of hepatitis was demonstrated by elevated liver enzyme levels in serum and by histologic abnormalities within the liver. Results from later studies using acutephase hepatitis serum from the fifth tamarin passage of GB demonstrated that the etiologic agent possessed physical and chemical characteristics consistent with that of a virus (31) , although its classification as a human virus was questioned (30) . Additional passage experiments indicated that the GB agent was distinct from hepatitis A virus and the virus causing non-A, non-B hepatitis (8, 21, 41) . Recently, we have utilized representational difference analysis (RDA) (26) to clone genomic fragments from two RNA viruses (GB viruses A and B [GBV-A and GBV-B, respectively]) associated with GB agent hepatitis (37) and demonstrated that they are immunologically distinct from the hepatitis A, B, C, and E viruses (33) .
Using PCR-based techniques, we have cloned overlapping cDNAs from both GB agent genomes and obtained the nucleotide sequence of each. The GBV-A and GBV-B genomes have limited nucleotide sequence similarity with one another and with hepatitis C virus (HCV) within the NS3 (helicase) and NS5B (RNA-dependent RNA polymerase [RdRp]) regions; however, there is no significant identity to any other viral nucleotide sequences within these or any other protein-coding region. Additional nucleotide sequence similarity is observed at various positions within the 5Ј-untranslated region (5Ј-UTR) of GBV-B, HCV, bovine viral diarrhea virus (BVDV), and hog cholera virus (HCHV), similar to regions previously described (17) . The polyproteins of GBV-A and GBV-B exhibit limited identity within the helicase and RdRp regions of HCV and other viruses encoding supergroup II helicases and polymerases. We present a detailed analysis of the genomic organization of both GBV-A and GBV-B and a comparison of their genomes to those of other positivestrand RNA viruses.
MATERIALS AND METHODS

Cloning of GBV-A and GBV-B.
A pool of infectious tamarin sera (H205 GB pass 11) containing the GB agent (1) was injected intravenously into a tamarin (Saguinus labiatus), T1053. This animal was sacrificed on day 12 postinoculation when its serum alanine aminotransferase level was 172 IU/liter (33) . Serum and liver samples obtained from T1053 on the day of sacrifice were used as the sources of virus. RDA was utilized to isolate several unique sequences present only in the postinoculation serum of tamarin T1053 (37) . Subsequent PCR experiments to connect the RDA-derived sequences employed clone-specific primers and T1053 serum-or liver-derived cDNA as the template. Additional overlapping clones that extended the sequence of both genomes were obtained by using the technique of Sørensen et al. (38) , 5Ј-RACE (5Ј-AmpliFINDER RACE kit; Clontech), and RNA ligase-mediated circularization of the viral genomes followed by reverse transcription and PCR (27) . Products from these reactions were cloned and sequenced as previously described (37) . The length of the 5Ј-UTR of the GBV-B genome was confirmed by primer extension analysis (32) .
Computer analysis. Analysis of viral sequences utilized the Wisconsin Sequence Analysis Package (version 8, September 1994; Genetics Computer Group, Madison, Wis.). Sequence alignments were performed with the PILEUP program of the Wisconsin package. Alignments of amino acid sequences within the putative helicase and RdRp regions were subsequently refined by hand, by using the alignments described by Koonin and Dolja (23, 24) as a guide. Phylogenetic distances between pairs of the amino acid sequences were estimated by the PROTDIST program of the PHYLIP package (version 3.5c), kindly provided by J. Felsenstein (10) . These computed distances were used for the construction of phylogenetic trees by using the program NEIGHBOR (neighbor-joining setting). The program DRAWTREE produced the final output. Additional analyses utilized FITCH and the maximum parsimony calculations with the program PROTPARS. Bootstrap analysis was performed with the program SEQBOOT.
GenBank accession numbers of viral sequences used in the alignments are as follows: GBV-A, U22303; GBV-B, U22304; HCV, prototype isolate (HCV-1), genotype 1a, M62321; HCV-JK1, genotype 1b, X61596; HCV-J6, genotype 2a, D00944; HCV-J8, genotype 2b, D10988; HCV-3A, genotype 3a, D28917; HCHV, J04358; BVDV, M31182; Japanese encephalitis virus, M18370; yellow fever virus (YFV), X15062; west Nile virus, M12294; dengue 1, M87512; dengue 2, M29095; turnip crinkle virus, M22445; carnation mottle virus, X02986; melon necrotic spot virus, D12536; tobacco etch virus, M15239; tobacco vein mottling virus, X04083; plum pox virus, X16415; and pea seed-borne mosaic virus, D10930.
RESULTS
GBV-A and GBV-B sequences.
More than 30 overlapping cDNA clones per genome were isolated from GB-infected tamarin serum and liver RNA in order to obtain the sequences of GBV-A and GBV-B ( Fig. 1) (32) . PCR amplification of the regions between the RDA-derived clones provided initial genomic sequence information. Utilization of a PCR-based extension technique (38) provided additional sequence data and greatly reduced the time and effort needed to clone these two genomes. Rapid amplification of cDNA ends (RACE) allowed the cloning of sequences at the termini of the GBV-A and GBV-B genomes. Circularization of the viral RNA genome was successful in providing sequences from the 5Ј and 3Ј ends of the GBV-B genome, beyond the sequence which was obtained by the RACE method.
The cloned sequences of GBV-B and GBV-A genomes are 9,143 and 9,493 nucleotides in length, respectively. A search of the GenBank and EMBL nucleic acid sequence databases by using the BLASTN program demonstrated that these agents have significant nucleotide sequence similarity with HCV within the helicase and RdRp regions and, in the case of GBV-B, a portion of the 5Ј-UTR. BLASTN analysis of the GenBank database using the entire GBV-A nucleotide sequence showed that the HCV-BK isolate (39) possesses 53% identity across 409 nucleotides within the NS3 region and 55% identity across 174 nucleotides within NS5. Similar analysis using the entire GBV-B nucleotide sequence showed that the HCV-JK1G isolate (19) possesses 62% identity across 130 nucleotides within the NS3 region and 48% identity across 516 nucleotides within the NS5 region. Both of these HCV isolates are genotype 1b (35) . Neither GBV-A nor GBV-B proteincoding regions showed significant identity to any other viral nucleotide sequence by this search method. A direct comparison of the nucleotide sequences of GBV-A and GBV-B by using BLASTN or FASTA did not reveal any regions of significant identity between these two viruses. However, by using the program BESTFIT, a sequence of 232 nucleotides with 57% identity was found near the 3Ј end of the putative NS3 helicase gene of GBV-A and GBV-B.
On the basis of the results of the BLASTN searches described above, as well as results of FASTA and BLASTX searches of the GBV-A and GBV-B polyprotein sequences against the SwissProt database (data not shown), it was concluded that the closest relative of either GBV was HCV. GBV-A exhibited limited amino acid sequence similarity to motifs within the helicase and serine protease of tick-borne encephalitis virus and langat virus, both flaviviruses. GBV-B exhibited limited amino acid sequence similarity to the RdRp motif containing the prototypical GDD sequence from tickborne encephalitis and Japanese encephalitis viruses, also flaviviruses. GBV-B also exhibited limited identity with motifs present in the helicase gene products of HCHV and BVDV (pestiviruses) and the RdRp and helicase genes of the positivestrand RNA plant viruses plum pox virus and potato virus X, respectively. These results indicate that the GBVs are related to other positive-strand RNA viruses, in particular those belonging to the Flaviviridae family and also, in the case of GBV-B, to plant RNA viruses, as reported for HCV (28) .
Since both GBVs exhibited the highest degree of similarity to HCV, we compared the GBV-A and GBV-B polyprotein sequences to those of several HCV isolates and other members of the Flaviviridae ( Table 1 ). The data indicate that of the three genera within the Flaviviridae, the GB viruses exhibit the highest percent identity over their entire large open reading frames with the HCVs (26 to 33% for HCV isolates versus 19 to 22% for flaviviruses or pestiviruses). The results of this comparison agree with those obtained through BLAST or FASTA searches of the sequence databases. Also of note is the low percent identity between GBV-A and GBV-B (27%), suggesting that they are members of different Flaviviridae subgroups. A more quantitative determination of the relationship between these viruses is addressed by phylogenetic analysis of aligned sequences from conserved regions of the genomes of the GB, flaviviruses, pestiviruses, and HCVs (see Fig. 6 and 7) .
Characterization of 5 and 3 termini of GBV-A and GBV-B. The cloning of GBV-B 5Ј-and 3Ј-UTRs was performed by traditional RACE methods and by the use of RNA ligasemediated genome circularization followed by reverse transcription and PCR across the 5Ј-3Ј junction. The latter technique has been employed to obtain sequence information from other positive-strand RNA viruses (4, 27) . Sequences obtained by circularization were verified as being derived from the 5Ј or 3Ј end of the GBV-B genome by PCR, in which sense and antisense primers designed to the newly identified sequence were paired with primers derived from both the 5Ј and 3Ј ends of the known GBV-B sequence. Only primer pairs with the proper polarity, as determined by the viral nucleotide sequence, produced a product. These PCR products were then cloned and sequenced as previously described (see Materials and Methods). Primer extension experiments using liver RNA from a GB agent-infected tamarin were utilized to determine the length of the GBV-B 5Ј-UTR. These experiments yielded five major products (data not shown). The size of the longest and most prominent product determined the length of the GBV-B 5Ј-UTR to be 445 nucleotides. No primer extension products were detected when liver RNA from an uninfected tamarin was used. The GBV-B 5Ј-UTR is much larger than that reported for HCV (341 nucleotides) (17) , BVDV (385 nucleotides) (6), or YFV (160 nucleotides) (9) . Alignment of the GBV-B 5Ј-UTR sequence with that of HCV-1, BVDV, and HCHV by using the PILEUP program revealed areas of significant identity among these four viruses (Fig. 2) ; however, the GBV-B 5Ј-UTR exhibited the highest degree of sequence relatedness with that of HCV-1 (52%). Of the four conserved regions previously identified in the 5Ј-UTRs of HCHV, BVDV, and HCV-1 (17), only region IV aligned well with the GBV-B 5Ј-UTR (63%), although the length of the sequence for the optimal alignment was shorter (32 nucleotides). The GBV-B 5Ј-UTR also contains sequences with identity to regions I (65%) and III (75%); however, it was not possible to produce an alignment of these sequences with regions I and III of BVDV, HCV, and HCHV without introducing large gaps or eliminating the alignment between HCV-1 and GBV-B in the region identified as I.5 ( Fig. 2 ). This latter region, located between regions I and II of HCV-1, exhibits 82% identity over 27 nucleotides; a similar sequence was not found in the 5Ј-UTR of BVDV or HCHV. Identity to region II was not observed in the 5Ј-UTR of GBV-B, although additional areas of identity were found among the four viruses. A conserved sequence near the presumed initiator methionine residues (region V), which resembles a eukaryotic initiation sequence (25) , and another conserved sequence of 10 nucleotides between region III and IV (region III.5) have not been previously identified. The consensus sequence (GGGCATGCCC) of this latter region is an inverted repeat.
Analysis of the 5Ј-terminal 1,000 nucleotides of GBV-A did not reveal the presence of sequences bearing significant identity to the 5Ј-UTR boxes described above. The nucleotide sequence of GBV-A contains 21 stop codons in the three forward reading frames within the first 650 nucleotides, while possessing only five AUG codons. Located in reading frame 3 (25) , while the first of these AUG codons is followed by a stop codon 24 nucleotides downstream. Nucleotide sequences immediately downstream of the initiator methionine codon of the HCV and flavivirus precursor polypeptides encode proteins with calculated isoelectric point (pI) values of Ͼ11 that are believed to be the nucleocapsid or core proteins. However, the predicted amino acid sequence at the N terminus of the GBV-A polyprotein does not possess a region with a pI of this magnitude. In fact, 17 amino acids downstream of the third AUG codon mentioned above is a sequence of 181 amino acids bearing sequence identity to the E1 protein of HCV-1 (see Fig.  4a ) and possessing a calculated pI value of 6.44. Thus, it is possible that GBV-A does not possess a highly basic core protein as observed for HCV and the flaviviruses or that the high GC content within the first 650 nucleotides has made the identification of the open reading frame encoding the core protein difficult. The sequence of the 3Ј terminus of GBV-B includes a stretch of 27 uracil residues followed by a sequence of 50 nucleotides. Significant similarity to this GC-rich sequence (69%) was not found in the GenBank/EMBL databases by using the FASTA search program. The existence of sequences downstream of poly(U) tracts has not been reported for isolates of HCV. Experiments designed to clone additional 5Ј or 3Ј sequences from the HCV genome (1a genotype) did not reveal similar 3Ј sequences (data not shown). The sequence of the GBV-A 3Ј-UTR possesses a sequence of 35 nucleotides; however, no poly(U) or poly(A) tracts were identified. Efforts are ongoing to verify, and possibly extend, the sequences at the termini of the GBV-A genome.
Comparison of structural proteins of GBV-A and GBV-B with those of HCV, BVDV, and YFV. The large open reading frame of the GBV-B genome encodes a potential precursor polyprotein of 2,864 amino acids. The GBV-A genome consists of 9,493 nucleotides encoding a potential polyprotein of 2,972 amino acids. A comparison of the hydropathy profiles of GBV-B, GBV-A, HCV, BVDV, and YFV demonstrated that the polyproteins of these viruses share similarity in structure and organization but possess very little overall amino acid sequence identity (Fig. 3) . GBV-B and HCV appear to encode a small (156 and 191 amino acids, respectively), strongly basic protein, presumed to be the nucleocapsid or core, at the N terminus of the polyprotein. In GBV-B and HCV, these putative core proteins possess very similar hydropathy profiles, in contrast to the homologous regions of BVDV and YFV (Fig.  3) . The calculated pI values of the core proteins of GBV-B and HCV-1 are 11.1 and 11.9, respectively. As stated above, we have yet to identify a predicted core protein from GBV-A. However, on the basis of the sequence alignments with the polyproteins of HCV and GBV-B, the current sequence at the amino-terminal end of the GBV-A large open reading frame appears to extend into the putative core region (data not shown).
Immediately E1 (Fig. 4A) demonstrates the conservation of a single potential N-linked glycosylation site among the three viruses, although an additional site is conserved between HCV and GBV-B near the E1 amino terminus. This alignment also reveals the conservation of four cysteine residues near the N termini of the GBV-A, GBV-B, and HCV-1 E1 proteins (Fig.  4A) ; these cysteine residues are conserved in most genotypes of HCV (3, 29) . The putative E1 proteins of GBV-A, GBV-B, and HCV-1 exhibit a net hydrophobicity (Fig. 3) , although the E1 proteins of GBV-A and HCV-1 show a more hydrophobic area at the extreme carboxy terminus. A comparable hydrophobic carboxy-terminal tail is present in the BVDV glycoprotein gp62 and in the YFV E protein (15), although these two proteins are much larger than the homologous regions of HCV, GBV-A, and GBV-B (Fig. 3) . Analysis of the amino acid sequence in this region revealed a eukaryotic signal peptidase recognition consensus sequence (40) in GBV-A, GBV-B, and HCV-1 (Fig. 4A) . This sequence is composed of many aliphatic residues, thus contributing to the hydrophobicity observed in this region.
Comparison of the GBV-A, GBV-B, and HCV-1 predicted amino acid sequences and, most notably, the hydropathy profiles suggests that the GBVs encode HCV E2-like proteins. The putative E2 protein of GBV-A consists of about 515 amino acids, which is much larger than that of GBV-B or HCV at 384 or 426 amino acids, respectively. These E2 proteins are also much larger than the homologous regions of BVDV (gp53) and YFV (NS1) (15) . Although GBV-A E2 appears to be larger than that of HCV or GBV-B, it contains only 3 potential N-linked glycosylation sites, whereas there are 11 in HCV E2 and 6 in GBV-B E2. A signal peptidase cleavage consensus sequence was not readily identifiable at the putative carboxy terminus of GBV-A E2, although potential signal peptidase consensus sequences were identifiable in GBV-B E2 and HCV-1 E2 (data not shown). Thus, as with HCV, BVDV, and YFV the structural proteins of GBV-A and GBV-B appear to be encoded at the 5Ј end of the genome.
The hydropathy plots (Fig. 3) demonstrate that all five viruses possess NS2 proteins (30K in BVDV) with a net hydrophobicity and NS3 proteins (p125 in BVDV) with a net hydrophilicity. The GBV-A and GBV-B putative NS4 proteins exhibit a net hydrophobicity similar to that of the HCV1 NS4 region. The hydrophobic peak at the extreme amino terminus of the HCV NS4 region corresponds to the NS4A protein. A similar hydrophobic region is present at the amino terminus of the GBV-A and GBV-B NS4 regions, suggesting that the GBVs may also process their NS4 regions into NS4A and NS4B proteins. The final coding domains of the GBVs are mostly hydrophilic, as observed for the NS5 regions of HCV and YFV (p133 in BVDV). It is possible that the GBVs process their NS5 domains into NS5A and NS5B proteins as they display comparable hydropathy profiles with the HCV-1 NS5A protein (Fig. 3) . Additional evidence for GBV polyprotein processing exists in the form of considerable sequence conservation at the cleavage sites within the nonstructural region of HCV-1, as discussed below.
Identification of putative protease motifs in GBV-A and GBV-B. The processing of the HCV polyprotein has been examined by several investigators, who have identified the cleavage products and the virus-encoded proteases involved. These studies suggest that HCV encodes two proteases, one in NS2 and a portion of NS3 that is believed to be involved in autocatalytic cleavage at the NS2-NS3 junction and the other a chymotrypsin-like serine protease located within the aminoterminal one-third of NS3 that is responsible for processing of the downstream nonstructural proteins at specific recognition sites (13, 15, 18) . Alignment of the predicted amino acid sequence within the putative NS2 regions of GBV-A, GBV-B, and HCV-1 shows very little identity; however, the residues shown by Grakoui et al. (14) to be essential for cleavage between NS2 and NS3 of HCV-1 (His-952 and Cys-993 in HCV-1) are conserved in GBV-A and GBV-B (data not shown). Thus, it is possible that cleavage at the NS2-NS3 junction of the GBV-A and GBV-B polyproteins proceeds by a mechanism similar to that of HCV. In addition to the conserved residues found in the GBV-A and -B NS2 region, there are conserved sequences between the amino-terminal onethird of GBV-A and GBV-B and the NS3 region of HCV-1 that encodes the putative serine protease (5, 11) . Residues conserved among the various genotypes of HCV, and shown to be required for catalysis (i.e., His-1083, Asp-1107, and Ser-1165) (13) , are also conserved in GBV-A and GBV-B (Fig.  4B) .
The predicted amino acid sequences of the GBV-A and GBV-B polyproteins were examined for the serine protease consensus cleavage sites found among isolates of HCV (13) . On the basis of the alignment to the predicted amino acid sequence of HCV-1, several potential processing sites were identified in the GBV-A and GBV-B nonstructural regions (Fig. 5) . The NS3-NS4A cleavage sites in GBV-A and GBV-B have the consensus residues Thr and Ser at the P1 and P1Ј sites, respectively, but are lacking the acidic residue (most often Asp in HCV) at the P6 site. An NS4A-NS4B consensus cleavage site identified for GBV-A possessed a Gly at the P1Ј site and did not contain the preponderance of acidic residues between P1 and P9, as is observed for HCV and GBV-B. GBV-B possesses the requisite residues at the P1, P1Ј, and P6 positions of the NS4A-NS4B cleavage site. The sequences surrounding the putative NS4B-NS5A cleavage sites of GBV-A and GBV-B show similarity with that of HCV, particularly the presence of hydrophobic residues downstream of the P1Ј site and multiple acidic residues upstream of the P1 site. However, in GBV-A the residue in position P1 is Ala and in GBV-B the residue in position P1Ј is Gly. There is also significant amino acid sequence similarity between HCV-1 and the GBVs down- (2, 22) . These studies provide evidence that the acidic residue at P6 is not essential for cleavage in cis or in trans at the sites between nonstructural genes of HCV. In addition, the types of substitutions observed in GBV-A and GBV-B at the P1 and P1Ј positions have been shown to be tolerated in HCV in that they may diminish, but do not abolish, the ability of the viral serine protease to process the polyprotein. Thus, the existence of sequences within GBV-A and GBV-B polyprotein similar to those found at the processing sites of the HCV nonstructural proteins suggests that the GB viruses possess a mechanism for polyprotein processing that is similar to that of HCV. Helicases and RdRps of GBVs. Sequence similarities within the helicase and RdRp genes between HCV and selected members of the pestiviruses, potyviruses, carmoviruses, and flaviviruses has been observed by others (5, 28 ). An extensive analysis of these amino acid sequences (23, 24) resulted in the delineation of three large supergroups of RNA polymerases and helicases. Included in supergroup II polymerases and supergroup II helicases were the respective genes of HCV, the pestiviruses, and the flaviviruses. Significant nucleotide and amino acid sequence identities within the GBV-A and GBV-B helicase and replicase genes with those of HCV were revealed following a search of the GenBank/EMBL database by using the BLASTN and FASTA programs. Significant identity of GBV-A or GBV-B helicases or replicases to those from supergroup I or III was not observed. Thus, the GBVs also appear to possess supergroup II helicases and RdRps. The alignment of supergroup II helicase genes with those of GBV-A and GBV-B (Fig. 6A) showed that these viruses possess conserved residues found in each of the six motifs previously identified (24) . These motifs include the putative nucleoside triphosphate binding site present in motifs IA and IB (12, 24) and the arginine-rich sequence of motif VI. Close examination of the alignments revealed substitutions within several of the GBV-A and GBV-B helicase motifs that are unique to each virus and thus clearly distinguish the GBVs from the HCV, pestivirus, and flavivirus groups and from each other. Alignment of RdRp sequences revealed that GBV-A and GBV-B possess many of the conserved residues present in the eight motifs previously identified (23, 24) ; however, there were some significant differences (Fig. 6B) . GBV-B possesses a Cys residue at a position within motif II where an aliphatic residue is typically found. GBV-A has an Asp residue at the carboxyterminal position in motif IV where a Thr or Ser is found in the other sequences. A conserved sequence within motif V is characteristic of a nucleotide-binding motif (GXXXTXXX,N/E, T/S) and has been hypothesized, on the basis of secondary structure predictions, to constitute part of the substrate binding pocket, along with the GDD of motif VI (12, 20) . The residue in position 8 of this motif is Gly in HCV, pestiviruses, and carmoviruses and a Leu in the flaviviruses. However, GBV-A and GBV-B possess an Ala and a Ser, respectively, at this position. GBV-A also has a substitution in motif VIII of a Thr which is present in all other sequences as an Arg. It remains to be determined whether these differences in amino acid sequence significantly affect on the function of the GBV-B and GBV-A helicase or RdRp.
Phylogenetic analysis of GBV-A and B helicase and RdRp sequences. The evolutionary relationship between positivestrand RNA viruses can be examined by calculating the phylogenetic distances between aligned nucleotide or deduced amino acid sequences of their large open reading frames or of a portion of these sequences. This approach has been applied to the HCVs and demonstrated that the variability of HCV isolates delineated six equally divergent main groups of sequences (35, 36) . This analysis resulted in the establishment of a system of nomenclature for the HCVs (34) in which the isolates are classified into genotypes based on the evolutionary distances between sequences. In order to determine the phylogenetic relationship between the GBVs and HCVs, evolutionary distances were determined for alignments of amino acid sequences within the putative helicase and RdRp domains. Also included in the alignments were related sequences from other viruses in the Flaviviridae and other viruses, namely the carmoviruses and potyviruses, previously shown to be related to HCV (5, 23, 28) . The alignments of the helicase and RdRp sequences are presented in Fig. 6 , as discussed above. The distances calculated for the helicase, RdRp, and large open reading frame amino acid sequence alignments of the GBVs and various HCV genotypes are shown in Tables 2 and  3 . All distances calculated between GBV-A or GBV-B and the other viral helicase and RdRp sequences used in these alignments (i.e., other than HCV) were greater than 1.84 amino acid replacements per site (data not shown). Therefore, the flavivirus, pestivirus, and plant virus sequences are more distantly related to the GBVs than are the HCV genotypes, which exhibit a maximum evolutionary distance to GBV-A or GBV-B of 1.27 (RdRp alignment, Table 3 ). These data indicate that the closest relative to the GBVs are the HCVs. Within the HCV variants, the maximum distance between any two genotypes is 0.37 (RdRp distance); however, the minimum distance calculated from the RdRp alignment between GBV-A or GBV-B and any member of the HCV group is 0.96. Similarly, the distance calculated from the helicase alignments for any two HCV genotypes exhibits a maximum value of 0.20, while the minimum distance between any member of the HCV group and GBV-A or GBV-B is 0.69 (Table 2) . Alignment of the predicted amino acid sequences of the entire large open reading frames of the HCV genotype and the GBVs demonstrates a narrow range of evolutionary distance for the HCV isolates (0.18 to 0.40), while the minimum distance between any GBV and any HCV isolate is 1.69. Thus, the data do not support the hypothesis that the GBV sequences are members of a group whose diversity is delimited by members of the HCV group utilized in the analyses. These results are supported by bootstrap analyses of the data for which in 1,000 bootstrap resamplings of the columns in the helicase and RdRp sequence alignments (data not shown), the greatest divergence among the HCV sequences was never as large as the smallest of the divergences of the GBV sequences from the HCV sequences. Therefore, in independent measurements based on two separate GBV-encoded sequences, there was not a single instance in which the data were consistent with the GBV-A or GBV-B sequences falling within the diversity of the HCV isolates. From these analyses, it can be concluded that the GBVs are not genotypes of the HCVs. The relative evolutionary distances between the viral sequences analyzed are readily apparent upon inspection of the unrooted phylogenetic trees (Figure 7) . The phylogenetic trees produced from either the helicase or RdRp sequence alignment are similar. The HCV genotypes are contained on a major branch as are the flaviviruses, pestiviruses, and/or carmoviruses and potyviruses. The GBVs are contained on a major branch in the unrooted tree produced from the RdRp alignment but appear to be contained within their own, separate branches on the unrooted tree produced from the helicase alignment. In both trees, however, the GBVs are not present on the same major branch as the HCVs. In addition, the unrooted trees graphically demonstrate the significant degree of divergence of the GBVs from the ancestor common to both the HCV lineage and the GBV lineage.
DISCUSSION
The genomes of two positive-strand RNA viruses, GBV-A and GBV-B, have recently been cloned and sequenced (37) . Their genomes have single large open reading frames that encode potential precursor polyproteins. The two agents appear to encode a chymotrypsin-like serine protease, a helicase, and an RdRp, similar to other flaviviruses, pestiviruses, and HCVs. The relative location of the genes encoding these functional units sets the GBVs apart from the plant carmoviruses, which do not appear to possess a related helicase (16) , and the plant potyviruses, in which the relative location of the protease and helicase domains are reversed (24) . The GBVs also appear to encode a protein resembling the E1 protein of HCV, suggesting that they, too, are enveloped viruses. In addition, the hydropathy profiles of the GBVs suggest a structural organization related to that of BVDV, YFV, and HCV; however, these profiles most closely resemble that of HCV. This is most clearly evident in the putative E2 region where HCV and the GBVs possess a highly hydrophobic region at the carboxy terminus whereas BVDV and YFV do not. Thus, the sequence alignment data and structural data, in the form of hydropathy plots, demonstrate that the genomic organization of the GBVs is similar to those of the flaviviruses and pestiviruses, although most closely resembling that of HCV. On the basis of the local regions of sequence identity between the GBVs and HCV-1 (i.e., within E1, the serine protease, helicase, and RdRp), the presence of signal protease consensus cleavage sites, and the predicted serine protease-dependent cleavage sites within the putative nonstructural regions of the GBV-A and GBV-B polyproteins, we defined the boundaries between the major proteins as shown in Fig. 1 . The eventual biochemical analysis of the polyprotein processing mechanisms of these two viruses will be required to accurately define these boundaries.
While it has been suggested by others (5, 28) that the RdRp of HCV is most similar to the replicases of the plant carmovirus, carnation mottle virus, subsequent analysis of RdRp sequences from positive-strand RNA viruses (23, 24) demonstrated that the HCV RdRp is most similar to that of the pestiviruses. Our analysis of the RdRps from this group of viruses indicates that the HCV RdRp is most closely related to the RdRp of the carmovirus lineage (Fig. 7) , although this depended on the region of the RdRp alignment used for the phylogenetic analysis (data not shown). Phylogenetic analysis indicates that the RdRps of GBV-A and GBV-B are most similar to that of the HCV group. When RdRp and helicase sequences from representatives of several HCV genotypes (1a, 1b, 2a, 2b, and 3a) are aligned, the distances calculated from the alignment demonstrate the close relationship among the HCV genotypes. However, the distances calculated from the alignments between GBV-A or GBV-B and the HCV group are much greater than that between any pair of HCV sequences. Assuming that the HCV sequences utilized in this study are representative of the most divergent of the HCV genotypes, these results indicate that GBV-A and GBV-B are not genotypes of HCV. In addition, the phylogenetic distance between GBV-A and GBV-B indicates that these viruses may be representatives of separate groups. The close evolutionary relationship of the HCVs is apparent and is consistent whether the analysis is performed with a portion of the encoded genomic sequence or the amino acid sequence of the entire large open reading frame. Similarly, the high degree of divergence of the GBVs from the HCV group is equally apparent. The divergence between GBV-A and GBV-B and other Flaviviridae members, including the HCV group, demonstrates that the GB agents cannot be considered genotypes of HCV. Thus, from the data presented, the GB agents could be classified into separate genera within the Flaviviridae or into subgenera in a genus including the HCVs.
